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Objectives. This study sought o ascertain the surgical anatomy 
of a deft in the left atrinventricalar (AV) valve. 
Background. Important morphologic differences exist between 
hearts with a cleft in the anterior leaflet of an otherwise normal 
mitral valve and those with a so-called deft in the left AV valve 
when the~ is an AV septal defect, but it has been customary to 
link the lesions together on developmental grounds. 
Methods. Eight autopsied specimens with a cleft in the aortic 
(or anterior) leaflet of the mitcal valve were studied in detail, and 
echocardiograms from 21 patients with such a cleft were com- 
pared with the specimens and with findings typical of the so-called 
partial bV canal and other forms of AV septal defect. 
Results. The structure and direction of the deft, location of the 
papillary muscles within the left ventricle and AV junctional 
morphology of hearts with an otherwise normally structured 
mitcal valve were significantly different from typical findings in 
hearts with AV septal defects. 
Conclusions. It is necessary to distinguish morphologically a
cleft in an otherwise normally structured mitral valve in hearts 
with separate right and left AV junctions from the trifoliate left 
component of a common AV valve in hearts with an AV septal 
defect and a common AV junction because the disposition of the 
AV conduction tissues varies markedly between the lesions. 
(J Am CoU Cardio11995;26:508-15) 
It is now well established that the lesions known as atrioven- 
tricular (AV) septal defects, or AV canal malformations, have 
readily recognized morphologic features. Most important of 
these is the common AV junction, which contrasts markedly to 
the separate fight and left AV junctions found in hearts with 
normal AV septation (1). Detailed measurements (2) have 
demonstrated t~,e importance of other features, such as the 
size of the leaflets guarding the left AV orifice and the 
dimensions of the inlet and outlet components of the ventric- 
ular mass. On the basis of these measurements, hearts with 
clefts of the aortie (anterior) leaflet of the morphologically 
mitral valve are not considered to belong ia the group of AV 
septal defects, a proposition supported also by the cross- 
sectional echocardiographic study of Smallhorn et al. (3). 
However, this concept isat variance with the traditional view of 
the deft in an otherwise normal mitral valve, which holds th,~ 
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it represents an incompletely expressed (4), or "forme fruste" 
(5), endocardial cushion defect. Although future studies may 
demonstrate that he cleft in a mitral valve, as well as the space 
between the bridging leaflets in AV septal defects with a 
common AV junction, results from differing degrees of failure 
of fusion of the embryonic AV endocardial cushions, the 
phenotyp~,c similarity or difference between the lesions is of 
much more practical significance. If the heart with a cleft of the 
otherwise normally structured mitral valve, in contrast to AV 
canal malformations with a common AV junction, has intact 
AV septal structures, then the relation of the AV conduction 
axis will be markedly different in relation to the subaortic 
outflow tract (6). Also, because one effect of the cleft in the 
otherwise normal mitral valve is a frequent extension across 
and obstruction of the subaortic outlet, this will have obvious 
implications during surgical repair. To explore further the 
hypothesis that he cleft in an otherwise normal mitral valve is 
not phenotypically an AV canal malformation with a common 
AV junction, we studied the autopsied specimens ofthe lesion 
in the Pittsburgh collection. We then compared these findings 
with the results of previous morphologic studies of the hearts 
in the collection with AV septal defects (2,7) and with echo- 
cardiographic findings from patients with both lesions. 
Methods  
Morphologie studies. We studied in detail the morphologic 
arrangement of the hearts catalogued inthe Cardiopathologi- 
cal Museum of Children's Hospital of Pittsburgh as exhibiting 
a cleft in an otherwise normally structured mitral valve. The 
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Table 1. Autopsy Findings 
% LV Orifice LVOT 
Specimen Associated Noncardiac-Related LV Outlet/ Guarded by Obstruction 
No. Malformations Diagnosis Inlet Ratio Mural Leaflet Cordal Attachments by Cords 
1 VSD, ASD, PAD, PMV 1.2 0.53 Straddling septum 
2 VSD, SMR, CAA LI 0.56 To septal crest + 
3 VSD, COA Down syndrome LI 0.45 To septal crest - 
4 VSD 1.l NA Partial cleft - 
5 VSD Down syndrome l.l 0.54 To septal crest - 
6 DORV, TA, VSD 1.0 0.55 To septum - 
7 TA, VSD 1.1 0.54 To septal crest - 
8 DORV, VSD, AMB 1.0 0.56 To outflow septum in RV - 
AMB = anomalous muscle bundle in the right ventricle (RV); ASD = atrial septal defect; CAA = coronary arterial anomaly; COA = coarctation of the aorta; 
DORV = double-outlet right ventricle; LV = left ventricular; LVOT = left ventricular outflow tract; NA = not applicable; PAD = patent arterial duct; PMV = 
parachute mitral valve; SMR = supravalvular mitral ring; TA = tricuspid atresia; VSD = ventricular septal defect; + = present; - = absent. 
hearts all possessed other associated malformations, as shown 
in Table 1. In each heart, we measured the dimensions of the 
inlet and outlet components ofthe left ventricular aspect of the 
ventricular septum and the proportions of the left AV orifice 
guarded by the cleft components ofthe aortic (anterior) leaflet 
and the mural (posterior) leaflets of the valve, and located the 
positions of the left ventrieular papillary muscles and any 
additional muscles related to the cleft in the valve. We then 
established the relations of the subaortic outflow tract to the 
tendinous cords supporting the leaflets to either side of the 
cleft. We also studied the alignment of the atrial and ventric- 
ular septal structures and the relations of the deft to both. 
Patients catalogued as having clefts in an otherwise normal 
mitral valve were then identified in the data bases of Children's 
Hospital of Pittsburgh and the University of California, San 
Francisco. We discovered six patients in the records from 
Pittsburgh who had been seen during the period 1992 to 1994 
and 15 patients from San Francisco seen in 1993 and .1994. 
Echocardiographic studies. The echocardiographic record- 
ings from the patients were examined retrospectively; the mor- 
phologic details of the ataopsied specimens had been studied 
earlier. The echoeardiographic studies were reviewed to establish 
the integrity of the AV septal structures, the relation of the 
subaortic outflow tract o the septal structures and the location of 
the cleft leaflets in relation to all these structures. The presence 
and severity of mitral regurgitation, mitral valvular prolapse and 
mitral valvular stenosis were assessed by standard echoc,'~rdio- 
graphic techniques. Short-axis cuts were ex~med to determine 
the proportions of the left AV orifice guarded by the mural and 
cleft leaflets and the position of the papillary muscles upporting 
the ends of the zones of apposition between the leaflets. All of 
these features, in the autopsied specimens and echocardiographic 
findings, were then compared with selected examples from hearts 
and patients known to have moq~hology t pical of AV septal 
defects in the setting of a common AV junction (AV canal 
malformations). 
Results 
Autopsied hearts. All specimens had a ventricular septal 
defect, which was the predominant lesion in five (Fig. 1 and 2) 
but was part of the complex of classical tricuspid at.resia in one 
(Fig. 3), accompanied double-outlet right ventricle in one (Fig. 
4) and was associated with both tricuspid atresia and double- 
outlet right ventricle in one. The AV septal structures were 
formed to greater or lesser extent in all the hearts, and all 
hearts had separate and discrete right and left AV junctions 
(except for those with tricuspid atresia). The subaortic outflow 
tract was interposed between the mitral valve and the septum, 
in association with varying degrees of aortic override. This was 
seen in all those with the ventricular septal defect as the 
primary associated lesion (Fig. 1 and 2) and in the heart with 
classical tricuspid atresia. All hearts had well formed membra- 
nous AV septal components pierced by the AV conduction 
axis, along with a muscular AV septum in all except hose with 
tricuspid atresia. Of necessity, the subaortic outlet was a right 
ventricular structure in the two hearts with double outlet, but 
a membranous atrioventricular septum was still present in 
both; the heart with a double outlet associated with concordant 
AV connections had a muscular AV septum as a result of 
off-setting of the attachments of the leaflets of the mitral and 
tricuspid valves. 
In all instances, the edges of the cleft components of the 
aortic (anterior) leaflet of the mitral valve were attached 
through or to the crest of the ventricular septum (Fig. 1 to 4), 
but in no heart was the direction of the cleft toward the right 
atrium, as is the case in classical AV septai defect (AV canal 
malformation) (Fig. 5). The attachments were achieved 
through tendinous cords (Fig. 1 and 2) in all except he hearts 
with double-outlet right ventricle, in which the edges of the 
cleft components hemselves were attached irectly either to 
the outlet septum of the right ventricle, the cleft then overrid- 
ing the septal crest (Fig. 4), or to the septal crest itself (Fig. 3). 
In the other hearts, tendinous cords of various length attached 
the edges of the leaflets to the crest of the septum or to a 
hypoplastic papillary muscle within the right ventricle. In o~e 
case (specimen 2, Table 1), the attachments of the opening 
produced overt obstruction of the subaortic outlet, with the 
opening to the aortic valve seeming to originate from the 
posterior aspect of the left ventricle (Fig. 2). In all instances 
except one, excluding Specimen 4 (Table 1) in which accurate 
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Figure 1. Cleft (arrow) found in the aortic (anterior) leaflet of a 
normally structured mitral valve, with the mural leaflet guarding the 
larger part of the valvular circumference and with normal "wedging" 
of the subaortie outlet, a, Inlet view. b, Ventricular view from beneath. 
e, Short-axis echocardiographie image from a different patient. S = 
septum; LV = left ventricle; RV = right ventricle. 
measurements proved impossible, the proportion of the orifice 
of the mitral valve guarded by the mural (posterior) leaflet was 
>0.5. Furthermore, in all cases but one, the papillary muscles 
in the left ventricle supporting the ends of tiae zones of 
apposition between the mural eaflet and the cleft components 
of the anterior leaflet were located anterolaterally and pos- 
teromedially within the short axis of the ventricular mass (Fig. 
6). In the outstanding case (specimen 1, Table 1), there was 
only an anterolateral papillary muscle seen in the left ventricle 
(parachute malformation). The ratio of inlet to outlet dimen- 
sions of the ventricular mass was either unity or marginally 
greater than unity (1.1) in all eases except he heart with 
parachute mitral valve, where the ratio was 1.2 in favor of the 
outlet (Table 1). 
None of the hearts had the common AV junction, which is 
the essence of so-called AV canal malformations. Thus, in the 
hearts with a cleft of an otherwise normal mitral valve, the 
subaortic outflow tract is interposed between the cleft leaflets 
and the septum (Fig. 5a). In the hearts with AV septal defects, 
Figure 2. Dysplastie margins of the mitral 
cleft viewed from the left atrium (a), with the 
cleft pointing away from the atrial septum 
(arrow), As seen from the ventricular spect 
(b), tethering of the cleft obstructs he sub- 
aortic outlet, so that he entrance is behind 
the abnormal valve. 
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Figure 3. a, Cleft mitral valve in a patient 
with classical tricuspid atresia, with the deft 
tethered to the margin of the ventricular 
septum, b, Echocardiogram, short-axis view, 
from the same patient. Note extent of mural 
leaflet of the valve (asterisks show ends of 
valvular commissure). 
the leaflets were either attached irectly to the crest of the 
ventricular septum (ostium primum defect) (Fig. 5b), bridged 
across the AV septal defect (complete defect) (Fig. 5c) or else 
were attached to the underside of the atrial septum (AV septal 
defect with exclusively ventrieular shunting) (Fig. 5d). 
Echocardiographic findings. The lesion observed in the 
mitral valves of the 21 patients tudied echocardiographicaily 
were similar to those observed in the autopsied hearts with 
otherwise normal mitral valves (compare Tables 1 and 2). 
However, in only one patient (Patient 6, Table 2) was the heart 
specimen itself available for direct comparison (specimen 7, 
Table 1) (tricuspid atresia) (Fig. 3). Nonetheless, several of the 
echocardiographic traces proved remarkably similar to the 
findings from the autopsied specimens and have been juxta- 
posed in the illustrations to facilitate comparisons (Fig. 1 and 
4). Insertion into the septum through tendinous cords was 
Figure 4. Atrial (a),ventricular (b)and echocardiographic (e) views of 
a cleft of the mitral valve in patients with the Taussig-Bing anomaly. 
The echocardiogram is not from the same patient as the specimen. 
Note that the cleft is tethered through the subpulmonary (PA) 
ventricular septal defect (VSD). Other abbreviations as in Figure 1. 
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Figure 5. Fundamental differences in the 
structure of a cleft in the aortic (anterior) 
leaflet of an otherwise normal mitral valve (a) 
and the zone of apposition between the left 
ventricular components of the bridging leaf- 
lets in hearts with attioventricular (AV) sep- 
tal defects (AVSD) (AV canal malformations 
[b to d]). The left valve in a is a discrete 
structure, separated from the ventricular sep- 
turn by the subaortic outflow tract. The valves 
in the ostium primum defect (b), the "com- 
plete" defect (c) and the defect with only 
interventricular shunting (d) are all the left 
ventrieular components of a common AV 
valve. VSD = ventricular septal defect. 
Figure 6. Short-axis ections how (left) the base of the heart 
and (right) the ventricular apexes. Note the typical oblique 
arrangement ofthe papillary muscles as found for the normal 
mitral valve, the attachment ofthe cleft (large arrow) to the 
crest of the deficient ventricular septum across the subaortic 
outlet and the multiple cords (small arrows) tethering the 
septal leaflet of the tricuspid valve, Abbreviations as ia 
Figure 1. 
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Table 2. Echocardiographic Findings 
Cordal 
Severity of Attachme,at 
Study Mitral Mitral to Septal 
No. Regurgitation Stenosis Crest Associated Malformations 
1 ++ - + - 
2 ++ - + - 
3 + + - + VSD, spontaneous closure 
4 + - + VSD 
5 ++ - + VSD 
6 + + - + TA + VSD 
7 + - + VSD 
8 + + - + SIP VSD closure 
9 ++ - + VSD 
10 + + - + DORV S/P conduit 
11 + - + VSD, PAD, COA, POF 
12 + + + + + Muse VSD, COA 
13 + - + Sub AS (acces~soty mitral tissue) 
14 + - + ASD 
15 + - + Mitral prolapse 
16 ++ - + - 
17 - - + Taussig-Bing anomaly 
18 - - + TOF, multiple muse VSDs, 
pefimembranous VSD 
19 + + - + Mitral valve prolapse 
20 - - + COA 
21 + + + + + COA 
Muse = muscular; POF = patent oval foramen; S/P = status post; Sub AS = subaortic stenosis; TOF --- tetralogy of 
Fallot; + = increasing severity of mitral stenosis or regurgitation, or presence of attachment of tensor apparatus toseptal 
crest; - = absence. 
observed in echocardiograms from each patient. The cleft was 
an isolated lesion in three patients. A ventricular septal defect 
was found in nine patients, whereas double-outlet right ventri- 
cle was found in two and tetralogy of Fallot in one. Four 
patients had coarctation of the aorta, and two exhibited the 
echocardiographic features of mitral valvular prolapse. In one 
patient, the mitral deft was associated with accessory valvular 
tissue causing obstruction to the left ventricular outflow tract. 
There were single associations with tricuspid atresia, patent 
oval foramen, patent arterial duct and atrial septal defect. 
Examination of the echocardiographic images howed that 
the AV septal structures were intact in all patients, with 
offsetting of the septal hinge points of the mitral and tricuspid 
valves (Fig. 7a). The deft was found in the aortic lea~.~t of a 
normally structured mitral valve with the mural leaflet the 
dominant leaflet (Fig. 7, b to d). In all instances, the cleft 
pointed toward the subaortic outflow tract (Fig. lc) or crossed 
~he septa! crest o insert into the right ventricle (Fig. 4c). The 
papillary muscles upporting the zones of apposition between 
the mm'al leaflet and the deft components of the anterior 
leaflet were obliquely situated within the short axis of the left 
ventricle. Tendinous cc, rds supporting the edges of the cleft 
were dearly identified in all cases (Fig. 7), except hose in 
which the leaflets themselves were attached within the right 
,~ntride in the hearts with double outle~ from the right 
ventricle (Fig. 4c). These cords were identified in short-axis, 
subcostal, coronal and sagittal views, as well as in apical 
four-chamber sections. In most cases the deft was regurgitant, 
but the degree of valvular incompetence varied from case to 
case (Table 2). Mitral regurgitation was absent in three 
patients, whereas in two it was judged to be the major lesion. 
Discussion 
One view of AV canal malformations, uch as that ex- 
pressed in the te~book description provided by the authorita- 
tive group from the Mayo Clinic (4), is that the lesions result 
from failure of fusion of the embryologic AV endocardial 
cushions and that this failure of fusion can be completely or 
incompletely expressed. Full expression is revealed in the 
hearts with so.called complete or partial AV canal malforma- 
tions, lesions that are now generally also held to demonstrate 
complete lack of normal AV septation in the setting of a 
common AV junction (8). The phenotypic feature of these 
lesions is a common AV junction in which the left ventricular 
component is ~arded by a valve with thle~ discrete leaflets 
(1). Within the developmental approach, however, acleft of an 
other~dse normally structured mitral valve is grot:ped along 
with the other AV canal malformations and is viewed as a 
"forme-fmste" of the presumed endocardial c~shion deicer (5). 
Morphologic features. When morphologic l~ther than ac- 
velopmental premises were used, the earlier echocardiographic 
studies of Smallhorn et al. (3), as well as the detailed measnre- 
ments of autopsied hearts by Penkoske t al. (2), indicated that 
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Figure 7. Four-chamber (4 Ch.) echocardio. 
graphic section (a) showing the long tendinous 
cords (TC) anchoring the edges of the cleft 
mitral valve to the crest of the ventricular 
septum. The sequence ofshort-axis view echo- 
cardiograms (b to d) from another patient show 
the deft (CL) mitral valve in closed (b), half- 
open (c) and fully open (d) positions• Note the 
extent of the mural, or posterior (PML), leaflet 
of the valve• A = apical; AO = aorta; LA = left 
atrium; P S Ax. = parastemai short axis; RA = 
right atrium; other abbreviations as in Figure 1. 
¢ d 
.,the hearts with a cleft of an otherwise normally structured 
~.~Jtral valve lacked the phenobgic features of AV septal 
deik.¢ts (AV canal malformations), hlparticular, these workers 
stressed that the otherwise normally structured mitral valve 
with a elef~ .was upported by a discrete lef~ AV junction. The 
cleft valve p,~:::~ssed a mural leaflet comparable in size to the 
dimensions seet~.in the normal mitral valve rather than having 
the shorter, less exk~nsive, mural eaflet found in the left-sided 
AV valve of hearts wl~h an AV septal defect and a common 
• 4 '  " * • ~ " AV ~uneaon. These earhe~ findings (2,3) h~e been endorsed 
t~y the present study, which.reexamined the autopsied hearts 
with isolated clefts examined "~, Penkoske t al. (2)• Those 
morph~logie findings are now'~';nforced by our detailed 
investigations of the patients from t|.~ data bases from Pitts- 
burgh and San Francisco catalogued a: haxqn~ clefts of an 
otherwise normally structured mitral valve. 
Irrespective of the developmental mechanisms producing 
the lesions, therefore, there is a fundamental difference in 
morphology between the mitral valve with a cleft in its anterior 
(or aortic) leaflet and the left AV valve in hearts with a 
common AV junction (AV septul defects). Both lesions seem 
to have valves with three leaflets, with cords attaching the 
"deft" to the ventricular septum. The cleft in an otherwise 
normal mitral valve, however, has its leaflets hinged from a 
discrete left AV junction that is separated by well formed AV 
septal structures from the right side of the heart. These 
findings are in marked contrast o those seen in hearts with 
unequivocal AV septal defects with common AV junctions 
(AV canal malformations). In these hearts, the left valve is but 
half of a common AV valvular structure. The leaflets to either 
side of the so-eaUed cleft in this enti'.y are structures that 
bridge the ventricular septum, even in the "ostium primum" 
variant (Fig. 5). In the ostium ~rimum defect, the zone of 
apposition between the bridging leaflets is bound down at its 
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edges to the depth of the "scoop" within the ventricu!ar 
septum. Only the superior bridging leaflet is in fibrous conti- 
nuity on its ventricular aspect with the leaflets of the aortic 
valve. The inferior bridging leaflet is related to the descending 
margin of the ventricular septal crest. The papillary musdes 
within the left ventricle are positioned lateraUy, each located 
beneath the apex of the zone of apposition between a bridging 
leaflet and the abbreviated mural leaflet. Thus, in terms of 
r~orpho.logy, despite the apparent likenesses, there is no true 
similarity between the mitral valve with its cleft in an anterior 
leaflet and the three-leaflet left ventricular component of a 
eommo~.~ ?,V valve. This is also true for the morphology of a 
cc :xisting ven~ricular septal defect. Although the defect usu- 
ally found in the presence of a cleft in an otherwise normally 
structured mitral valve is often c,died an A~¢ canal ventricular 
septal defect (9), it differs markedly in structure from the 
ventricular component ofan AV septal defect when shunting is 
confined at ventricular level because the bridging leaflets are 
attached to the underside of the atrial septum (compare Fig. 7, 
a and d). 
Surgical implications. This difference is pertinent o sur- 
gical maneuvers in the subaortic area. In hearts with an 
otherwise normal mitral valve, the branching AV bundle and 
its left bundle branch are intimately related to the points of 
attachment of the cleft anterior leaflet. In contrast, in hearts 
with an AV septal defect and common AV junction, irrespec- 
tive of the level of shunting of blood, the conduction axis is 
displaced pos,.eriorly and is located beneath the inferior bridg- 
ing leaflet. The superior bridging leaflet, although often asso- 
ciated with an area of subaortic stenosis when bound down to 
the ascending component of the scooped-out ventricular sep- 
turn, is well removed from the location of the conduction 
tissues within the left ventricle (6). 
Conclusions. In terms of morphology, therefore, a cleft in 
an otherwise normal mitral valve should be classified sepa- 
rately from AV septal defects with a common junction. 
Whether the surgical approach to repair must also be different 
cannot be provided by a morphologic study such as ours. 
Common sense dictates, nonetheless, that surgeons hould 
take note of the anatomic differences when formulating their 
operative strategies. 
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